Effects of Syncro-Mate B (SMB) and(or) short-term calf removal (CR) on pituitary and ovarian responses after gonadotropin releasing hormone (GnRH) were studied in two experiments. In Exp. 1, 24 thin, 2-yr-old, anestrous, Brahman crossbred cows were allotted randomly to a 2 x 2 factorial design involving 27-h CR and SMB. All cows were injected (iv) with 150 /ag GnRH at 24 h after removal of implants and(or) calves. Blood samples were collected at -30, 0, 15, 30, 45, 60, 90, 120 and 180 min post-GnRH. The GnRH-induced release of luteinizing hormone (LH) differed among treatments (P<.05). The release of LH was higher in cows with CR than in control cows (P<.05). Although pretreatment with SMB increased the quantity of LH release compared with the CR and control cows, SMB + CR did not show an additive effect over SMB alone. In Exp. 2, 49 mature Charolais x Hereford cows were allotted randomly to one of the following groups: control, 24-h CR or 32-h CR. Follicular size was measured by palpation per rectum at
Introduction
Numerous investigators have attempted to induce an ovulatory estrus in anestrous cows suckling calves (see reviews by Inskeep and Lishman, 1978; Wettemann, 1980) . In addition to various hormonal treatments, methods of reducing suckling frequency such as once daily suckling (Reeves and Gaskins, 1981; Randel, 1981) , short-term calf removal (Smith et al., 1979) , and early weaning (Bellows et al., 1974) have decreased the postpartum interval. Although the inhibitory effect of the suckling stimulus on bovine reproductive performance is well known (Edgerton, 1980) , the mechanism 418 JOURNAL OF ANIMAL SCIENCE, Vol. 57, No. 2, 1983 by which suckling prolongs anestrus in cows is unclear.
The suckling stimulus reportedly decreases the systemic concentration of luteinizing hormone (LH; Short et al., 1972; Randel et al., 1976; Carruthers et al., 1980) ; however, the hypothalamic content of gonadotropin releasing hormone (GnRH; Carruthers et al., 1980) and the pituitary content of LH (Saiduddin et al., 1968; Walters et al., 1982a) are similar for suckled and nonsuckled cows. Consequently, suckling may decrease the responsiveness of the adenohypophysis to GnRH. The purpose of the present study was to determine whether administration of GnRH after short-term calf removal (CR) and(or) progestogen treatment would result in a greater release of LH, a higher incidence of corpus luteum formation and(or) improved luteal function in anestrous beef COWS.
Materials and Methods
Exp. 1. Twenty-four, thin, 2-yr-old Brahman crossbred cows were allotted (six cows/group) by body condition and days postpartum (average 160 and range 138 to 189 d postpartum) to a 2 • 2 factorial design involving CR and Syncro-Mate B (SMB). The experiment, performed at Beeville, Texas, was conducted in two replicates. All cows were injected (iv) with 150 ~g of GnRH (courtesy of Dr. M. Monahan, Salk Institute) diluted in sterile physiological saline. Cows allotted to the SMB, CR or SMB + CR groups received GnRH 24 h after removal of the implant and(or) calf. The calves, which were removed from the cows for 27 h (i.e., until completion of sampling), were kept in a dry pen and received a palatable diet containing 12 to 15% crude protein (ad libitum).
The SMB s treatment consisted of a 9-d ear implant containing 6 mg of norgestomet (17a acetoxy-11/3 methyl-19 nor preg-4-ene 3, 20 dione) and an im injection containing 3 mg of norgestomet and 6 mg of estradiol valerate given at the time the implant was placed into the ear.
The cows were observed for estrus twice daily from parturition until the end of the experiment and only cows that stood to be ridden by other cows were considered to be in estrus. The ovaries of all cows were examined SG. D. Searle and Co., Chicago, IL.
per rectum for corpora lutea biweekly before the experiment. Only anestrous cows, as determined by estrous detection and palpation per rectum, were used in the study. Seven cows were detected in estrus after the first replicate and were replaced by seven anestrous cows at the same stage postpartum and having a similar body condition for the second replicate. During the experiment, the cows were maintained in a drylot and received a diet of approximately 7.5 kg Sudan grass hay that provided 16 Mcal of metabolizable energy" head -1 9 d -1 .
Cow body condition was measured subjectively at the start of the experiment by one technician. The fat cover over the back and ribs was manually palpated and the cows were assigned a body condition score ranging from one to nine indicating the lowest to highest body condition, respectively. The means (~ + SD) for cow body condition and body weight at the start of the experiment were 3.6 + .7 and 290.5 + 33.7 kg, respectively.
Blood samples were collected via puncture of a tail vessel at -30, 0, 15, 30, 45, 60, 90, 120 and 180 min postinjection of GnRH and allowed to clot at 4 C. After centrifugation, the serum was collected and frozen at --20 C until assayed for LH by radioimmunoassay (Forrest et al., 1980) .
Exp. 2. Mature Charolais • Hereford cows
(average 24 d and range 19 to 33 d postpartum) were allotted at random within age to one of the following groups: control, 24-h CR or 32-h CR. The experiment was conducted at Wardensville, West Virginia, with three replicates of cows (total n = 49). Cows were fed mixed grass hay and a daily supplement of 45 g magnesium oxide (Mg0) in I kg of a mixture of ground ear corn, oats and soybean oil mean (4:4:1), which was begun 4 mo before calving. The supplement was increased to 2 kg 4 wk before calving, with the level of Mg0 remaining at 45 g. All cows were in moderate body condition when the experiment was conducted. Observations for estrus were made twice daily from the day before GnRH until 14 d after GnRH. The ovaries of all cows were examined per rectum for diameter of the largest follicle and absence of corpora lutea 1 d before treatment with GnRH and for induced corpora lutea 7 and 14 d after GnRH.
All cows were injected (im) with 300 /~g GnRH (generously donated by R. H. Rippel, Abbott Laboratories). For 24-h CR, calves were separated from their dams for 24 h and returned as GnRH was injected. For 32-h CR, calves were not returned to their dams until 8 h after injection of GnRH. While calves were removed, they were housed as in Exp. 1, in a barn 1.6 km from the barn where the cows were maintained. In the first and third replicates (34 cows), the cows were placed into stanchions and fitted with iv catheters 2 h before injection of GnRH. Jugular blood samples were collected just before GnRH and thereafter at 30-min intervals for 7 h. Progesterone was measured in blood samples collected from all 49 cows at 7 and 14 d after injection of GnRH. After separation by centrifugation, the plasma samples were stored at -20 C until assayed for LH (Fogwell et al., 1978) or progesterone (Berardinelli et al., 1979) .
Statistical Analyses. Profiles of concentrations of LH in both experiments were examined for differences among groups by analysis of variance using time as an independent continuous variable as described by Fogwell et al. (1978) . In Exp. 1, data were transformed to logarithms and the linear, quadratic and cubic regression of hormonal concentrations on time were partitioned. In Exp. 2, the linear effect of follicular size was included in the final regression model and both linear and quadratic terms were used to describe the rise and fall of LH. Differences between replicates were not significant in either experiment, so replicate was eliminated from the final models.
Effects of treatment and follicular size on proportions of cows forming corpora lutea in Exp. 2 were examined by chi-square. Concentrations of progesterone on d 7 and 14 after GnRH in Exp. 2 were compared by analysis of variance for effects of treatment and follicular size.
Results
Exp." 1. Regardless of treatment, LH began to increase by 15 rain after GnRH administration and the maximum concentration of LH occurred at 120 min postinjection (figure 1).
The pattern of release of LH was modified by pretreatment with SMB (P<.01). The GnRHinduced release of LH was greater in the cows receiving SMB or SMB + CR than the release of LH for cows in the control and CR groups. While there was not a significant effect of CR over time in the groups receiving SMB, the interaction of SMB x CR over time was significant (P<.05). Consequently, the pattern of LH Exp. 2. Patterns of release of LH, whether examined as the arithmetic or logarithmic values over time, were altered by treatment (P<.05). The effect was due primarily to calves being absent during the GnRH-induced release of LH. Patterns in control cows and those with 24-h CR did not differ and are illustrated together in figure 2 (part B) . The amount of LH released was greater in cows with 32-h CR ( figure 2, part A) . Regardless of treatment, there was a linear effect of follicular size on the pattern of LH release (P<.05), which also is illustrated in the computed arithmetic patterns presented in figure 2. The regression equation from which these curves were generated accounted for 69% (R 2) of the variation in LH over time in this study.
The percentage of cows forming corpora lutea was related to the size of the largest follicle as was seen with release of LH. Corpora lutea and increases in plasma progesterone were detected in 50% of two cows in which the largest follicles were less than 10 mm, 67% of six cows with 10-mm follicles, 73% of 30 cows Figure 2 . Patterns of LH in response to GnRH (300 tag ira) in (A) cows with calves removed 24 h before GnRH and returned 8 h after GnRH, and (B) cows with calves suckling or calves removed 24 h before GnRH and returned as GnRH was injected. Curves are presented as a regression model considering the time of peak LH and linear and quadratic terms in time to and from the peak of LH. Separate curves in ascending order reflect the linear effects of follicular size 24 h before GnRH in 2-ram increments, from 10 to 16 mm in A and from 8 to 16 mm in B. There were no cows with 8-mm follicles in the group where calves were removed for 32 h (A).
with 12-or 14-mm follicles, 88% of eight cows with 16-mm follicles and 100% of three cows with follicles greater than 16 mm in diameter. However, neither the overall nor the linear effect of follicular size was significant by chi-square. The apparent lifespan and level of function of the induced corpora lutea, as judged by systemic concentration of progesterone on d 7 and 14, did not differ among treatments (table 1) or follicular size (not shown). Concentrations of plasma progesterone on d 7 in most cows having induced corpora lutea were lower than would be expected in normal, cycling cows. All but eight of the 37 cows with corpora lutea had apparently undergone complete luteal regression by d 14. None of the cows showed estrus during the experimental period.
Discussion
The increased pituitary responsiveness to GnRH after pretreatment with SMB is in agreement with a report by Troxel et al. (1980) . Presently, it is unclear whether the increased responsiveness of the adenohypophysis after SMB is due to an increase in synthesis of LH and(or) a prior inhibition by progestogen of release of LH, resulting in hormone storage.
The inhibitory effect of progesterone on LH release has been reported in ewes (Karsch et al., 1977) and cattle (Hansel and Echternkamp, 1972) . Furthermore, the GnRH-induced release of LH during the luteal phase of the cycle was diminished in ewes (Reeves et al., 1971 ) and cows (Kittock et al., 1973) ; consequently progesterone may inhibit the release of LH in response to the neurohormone. Alternatively, Zolman et al. (1974) reported that the progesterone level on d 15 and 20 of the bovine cycle was not related to GnRH-induced release of LH. They suggested that changes in pituitary responsiveness to GnRH after a decrease in systemic concentrations of progesterone may be time dependent. Walters et al. (1982b) reported that SMB suppressed basal concentrations of LH in anestrous cows. This effect of SMB might decrease endogenous GnRH secretion from the hypothalamus. Removal of the progestogen implant may allow a greater release of endogenous GnRH, which might have a self-priming effect (Staigmiller et al., 1981) on the adenohypophysis before the injection of exogenous GnRH.
Another method by which SMB pretreatment might increase the pattern of release of LH after GnRH injection involves increased estrogen secretion. Progestogen pretreatment has been associated with increased concentrations of estrogen in anestrous cows (Troxel et al., 1980; Sheffel et al., 1982) . Estrogens reportedly increase the responsiveness of the adenohypophysis to GnRH (Beck and Convey, 1974; Kesler et al., 1977) .
In cows not receiving SMB pretreatment, CR (27 or 32 h) increased pituitary responsiveness to GnRH, as reported by Troxel et al. (1980) . Additional evidence for the increased release of LH after withdrawal of the suckling stimulus has been shown in vitro. Pituitaries collected CTwo cows in the control group, two cows with calves removed for 24 h and four cows with calves removed for 32 h exhibited increasing levels of progesterone from d 7 to d 14; one such animal had a luteinized follicle and two may have formed corpora lutea in response to an endogenous surge of LH unrelated to the exogenous GnRH (definite luteal structures were not palpable in these two cows on d 7).
from anestrous cows at 24, 48, 72 or 96 h after CR and incubated with GnRH, accumulated more LH in the media than pituitaries from control (suckled) cows (Waiters et al., 1982a) .
It is not clear whether the critical factor was the duration of CR or the fact that suckling did not occur while LH was being released. The suppressive effect of suckling, specifically during action of exogenous GnRH, was demonstrated by the similarity of the pattern of GnRH-induced release of LH in the control cows and those in the 24-h CR group, to which calves were returned when GnRH was injected. In a previous study (Waiters et al., 1982b) , the circulating basal concentration of LH in cows was decreased at the time of calf return.
The increased release of LH over time in cows not suckled during the period of action of GnRH may have been due to a greater sensitivity of the pituitary releasing mechanism. Saiduddin et al. (1968) and Waiters et al. (1982a) reported no difference in pituitary concentrations of LH between suckled and nonsuckled cows; consequently, an increase in synthesis of LH after CR seems less likely.
As previously mentioned, the animals in Exp. 1 were in poor body condition, which partially explains why the cows were still anestrus at 138 to 189 d postpartum. Several reports indicate that cows in poor body condition have prolonged postpartum intervals (Whitman et al., 1975; Dunn and Kaltenbach, 1980) . It is important to note that short term CR increased the release of LH in response to GnRH in both Exp. 1 and 2 even though the cows were in poor and moderate body condition, respectively. Greater release of LH with increasing follicular size as seen in Exp. 2 has been reported in anestrous 2-yr-old Hereford cows treated with GnRH (Lishman et al., 1979) . A similar relationship to increasing concentrations of estrogen was observed in dairy cows (Fernandes et al., 1978) . It would appear that in the early postpartum cow, ovarian follicular status reflects the readiness of the pituitary to respond to GnRH. In turn, cows with larger follicles tended to form corpora lutea, although the corpora lutea did not necessarily form from the largest palpable follicle and were sometimes in the opposite ovary.
Luteal function or lifespan as measured by concentrations of progesterone on d 7 and 14 post-GnRH was usually limited and was not related to the pattern of release of LH. In other studies, induced corpora lutea had a short lifespan (Lishman et al., 1979) , except when pretreated with progestogen Sheffel et al., 1982) . Additionally, corpora lutea formed spontaneously at the first estrus after weaning had a short lifespan and could not maintain pregnancy unless estrus was preceded by progestogen treatment (RamirezGodinez et al., 1981) . Induced corpora lutea collected from anestrous cows and ewes did not produce as much progesterone in response to LH in vitro as corpora lutea collected from cycling animals (Kesler et al., 1981; McNeilly et al., 1981) .
That estrus was not observed during induction of, or after early regression of, corpora lutea in Exp. 2 is not surprising because these cows averaged only 24 d postpartum at treatment. Lishman et al. (1979) observed that only one of 23 young cows with corpora lutea induced on d 34 postpartum ovulated again after the induced corpora lutea regressed. Alternatively, observed estrus on d 8 to 12 after treatment in 11 of 37 mature cows that were over 30 d postpartum when they received GnRH or human chorionic gonadotropin.
It is concluded that pretreatment with SMB before injection of GnRH increased release of LH in response to GnRH. Calf removal for 24 h had a similar effect, provided that the calves were not returned during the period of induced release of LH. Patterns of release of LH were directly proportional to follicular size. Neither CR nor follicular size affected the lifespan of corpora lutea induced by GnRH.
